Heart rate, coronary artery disease and plaque rupture – myth, hype, or truth? by Cook, Stéphane

 

.*6&23*49".%/30*4",2*#/52(7*4:&2,".%
 
-?D9; J>; ;D: E< J>; J> 9;DJKHO 9EHED7HO 7HJ;HO :?I;7I;
 8;97C; 7D: H;C7?D;: J>; (R I;H?7B A?BB;H ?D
KHEF; 7D: ?D CEIJ ?D:KIJH?7B?I;: 9EKDJH?;I	 ;97KI; DE
9KH7J?L; JH;7JC;DJ E<  ;N?IJI M; IJH?L; ?D:;<7J?=78BO
JE I;;A 7D: 9EC87J  H?IA <79JEHI	 .>?I GK;IJ 8;=7D
?D  M>;D 0?H9>EM IF;9KB7J;: J>7J 7J>;HEI9B;HEI?I M7I
97KI;: 8O FB7IC7J?9 H?IA <79JEHI	 3;J EKH KD:;HIJ7D:?D= E<
J>; T7J>;HE=;D;I?IU >7I 9EDJ?DK;: JE ;LEBL; 7D: J>; 9KHH;DJ
KD:;HIJ7D:?D= 97D 8; IKCC7H?I;: 7I <EBBEMI J>; FB7GK;
=HEMI EL;H J>; O;7HI KD:;H J>; ?D<BK;D9; E< H?IA S 7I M;BB
7I FHEJ;9J?L; <79JEHI	 J 7 9;HJ7?D J?C; FE?DJ J>; FB7GK;
;HE:;I EH HKFJKH;I	 .>; J;HC FB7GK; TLKBD;H78?B?JOU >7I
8;;D 9E?D;: JE H;<B;9J J>; :;9?I?L; F;H?E: B;7:?D= JE ;HEI?ED
EHHKFJKH;56	
#D :?I9?FB;I E< 0?I9>EM J>; C7@EH?JO E< J>; ?D9H?C?D7J;:
H?IA <79JEHI  B?IJ;: 8O "EFA?DI 7D: 1?BB?7CI 56 7H;
8?E9>;C?97B :?78;J;I C;BB?JKI ICEA?D= :OIB?F?:7;C?7
9>HED?9 H;D7B <7?BKH; >ECE9OIJ?DKH?7 H;79J?L; FHEJ;?D
B?FEFHEJ;?D 7 J?IIK; FB7IC?DE=;D 79J?L7JEH IC7BB 7D:
:;DI; && <?8H?DE=;D EH ;L;D 7=;	 .>;I; <79JEHI ;NFB7?D
J>; F7J>EF>OI?EBE=O E< FB7GK; =HEMJ> 799EH:?D= JE ?JI C7?D
9ECFED;DJI 7I <EKD: 7J 7KJEFIO	 79> E< J>;I; :?IJ?D9J
<79JEHI >7I 8;;D :;CEDIJH7J;: 7I H?IA <79JEH ?D DKC;HEKI
E8I;HL7J?ED7B IJK:?;I 7D: ;F?:;C?EBE=?97B ?DJ;HL;DJ?ED
IJK:?;I	  EH ;N7CFB; J>; F;HI?IJ;D9; E< 79J?L; ICEA?D=
?D F7J?;DJI 7<J;H COE97H:?7B ?D<7H9J?ED :EK8B; J>; O;7H
CEHJ7B?JO 56 M>?B; ?JI 9;II7J?ED H;IJEH;I 7 DEHC7B B?<; ;N
F;9J7D9O 8;=?DD?D= 7<J;H  CEDJ>I 56	 .>; I7C; >EB:I
JHK; <EH J>; ?CF79J E< 7:;GK7J; 9EDJHEB E< :?78;J;I C;BB?JKI
7HJ;H?7B >OF;HJ;DI?ED 7D: :OIB?F?:7;C?7	 .>;I; H?IA <79JEHI
;N?IJ 7D: J>;?H ?D7:;GK7J; 9EDJHEB 7I FH?C7HO 7D: I;9ED:
7HO FH;L;DJ?ED I?=D?<?97DJBO ?CF79JI  CEH8?:?JO 7D:
CEHJ7B?JO #D J>; (7J?ED7B ";7BJ> 7D: (KJH?J?ED N7C?D7
J?ED -KHL;O ("(- F7J?;DJI M?J>  ?DIK<<?9?;DJBO 9ED
JHEBB;: H?IA <79JEHI >7L; 7 	<EB: ?D9H;7I; ?D CEHJ7B?JO 7J
O;7H<EBBEMKF56	
"EM;L;H 7D: 7BJ>EK=> M; H;BO ED C7DO FH;:?9J?L; I9EH;I
?DJ;=H7J?D= I;L;H7B H?IA <79JEHI ?	;	 - EH !& I9EH;I
J>; FH;:?9J?ED E< COE97H:?7B ?D<7H9J?ED EH IK::;D 97H:?79
:;7J> H;C7?DI KDIKH;	 1>;D9; J>?I :?I9H;F7D9O .>; KD
9;HJ7?DJO 9EC;I <HEC JME E8I;HL7J?EDI  ?HIJ M>?B; H?IA
<79JEHI <EH 7J>;HEI9B;HEJ?9 FB7GK; =HEMJ> 7H; M;BB ADEMD
7D: 97D 8; JH7DIB7J;: ?DJE 7D?C7B CE:;BI H?IA <79JEHI <EH
FB7GK; LKBD;H78?B?JO 7D: HKFJKH; 7H; CEH; :?<<?9KBJ JE =7J>
;H	 1?J> DE GK;IJ?ED J>;  	 H;C7?DI JE ?:;DJ?<O
LKBD;H78B; FB7GK; 7J H?IA E< ED; F7HJ?9KB7H 97H:?EL7I9KB7H
;L;DJ	 .>;H;<EH; J>; GK;IJ 9EDJ?DK;I 7D: J>; H?IA <79JEHI
<EHHKFJKH;7H;79J?L;BO?DL;IJ?=7J;:	
,?IA <79JEHI <EH HKFJKH; >7L; 8;;D 97J;=EH?I;: ?DJE T?DJH?DI
?9U EH T;D:E=;DEKIU 7D: T;NJH?DI?9U EH T;NE=;DEKIU	 #D
JH?DI?9 H?IA <79JEHI 7H; CKBJ?FB; 7D: EDBO I97H9;BO ADEMD	
.>;I; ?DJH?DI?9 <79JEHI 7H; C7?DBO 7IIE9?7J;: M?J> >OFEN?9
?D<B7CC7JEHO 7D: J>HEC8E=;D?9 IJ?CKB?	 )D J>; FB7GK;
B;L;B J>;I; <79JEHI JH?==;H 7D ?D9H;7I;: 79J?L?JO E< IF;9?7B
;DPOC;I ;N9H;J;: 8O C79HEF>7=;I C7JH?N
C;J7BBEFHEJ;?D7I;I''*I IKH=; D;EL7I9KB7H?I7J?ED M?J>
J>; FH;I;D9; E< B;7AO C?9HEL;II;BI J>7J FHELEA; ?DJH7
FB7GK; >7;CEHH>7=; 7D: 7BBEM IK8I;GK;DJ :;FEI?J?ED E<
<H;; 9>EB;IJ;HEB C79HEF>7=; ?D<?BJH7J?ED 7D: ;DB7H=;C;DJ
E< J>; D;9HEJ?9 9EH; 56	 )D 7 F7J?;DJB;L;B J>;I; <79JEHI
7H; CEH; E<J;D <EKD: ?D F7J?;DJI M?J> :?78;J;I C;BB?JKI
ICEA?D= >78?J >OF;H9E7=KB78B;
>OFE<?8H?DEBOJ?9 IJ7J;I 7D:
>?=> 9?H9KB7J?D= J?IIK; <79JEH	 7I;: ED J>; CEIJ KFJE:7J;
H;I;7H9>;I IEC; 8?EC7HA;HI E< LKBD;H78?B?JO >7L; 8;;D
?:;DJ?<?;:	 -K9> ;N7CFB;I 7H;  ?IEFHEIJ7D;I >I,* KH
?D7HO C?9HE7B8KC?D CO;BEF;HEN?:7I; EH B?FEFHEJ;?D7IIE
9?7J;: F>EIF>EB?F7I;  	 .>;I; 8?EC7HA;HI 7H; >EM;L;H
:?<<?9KBJ JE C;7IKH; 7J J>; 8;:I?:; I?D9; =H7:?;DJ KF JE
<EB: 7H; <EKD: 8;JM;;D 8BEE: >7HL;IJ;: 7J FB7GK; L?
9?D?JO 7D: F;H?F>;H7B 8BEE: 56	 .>; I;9ED: E8I;HL7J?ED ?I
J>7J IOCFJEC7J?9 FB7GK; HKFJKH; E<J;D >7FF;DI ?D F7HJ?9
KB7H I?JK7J?EDI	 .>;I; ;L;D CEH; 9ECFB;N JH?==;H?D= ;B;
C;DJI ED 97H:?EL7I9KB7H ;L;DJI 7H; KIK7BBO 9EDI?:;H;: 7I
;NJH?DI?9 H?IA <79JEHI	 #D CEIJ 97I;I J>;I; <79JEHI I?=D?<?9
7DJBO ?D<BK;D9; J>; L;II;B I>;7H IJH;II 7D: J>; BE97B FHE9E
7=KB78B; IJ7J; L?7 CKBJ?FB; 8?EBE=?97B F7H7C;J;HI IK9> 7I
7:H;D;H=?9 79J?L?JO 8BEE: FH;IIKH; >;7HJ H7J; 8BEE: L?I9EI
?JO EH FB7J;B;J 79J?L?JO	 KH?D= J>; B7IJ :;97:; 7 >?=> H;IJ
?D= >;7HJ H7J; >7I 8;;D FEIJKB7J;: JE 8; 7D ;NJH?DI?9 H?IA
<79JEH<EHFB7GK;HKFJKH;	
 

"?=> H;IJ?D= >;7HJ H7J; S 7I 97H:?EL7I9KB7H H?IA <79JEH S
?I CEJ?L7J;: 8O 8?E=;HEDJEBE=?97B 9EDI?:;H7J?EDI ?D C7C
1
Published in "6ZLVV0HGLFDO:HHNO\Z"
which should be cited to refer to this work.
ht
tp
://
do
c.
re
ro
.c
h
C7BI ;F?:;C?EBE=?97B ;L?:;D9; ?D >KC7DI 7D: ?D:?H;9J
7D: :?H;9J E8I;HL7J?EDI ?D 7D?C7BI 7D: >KC7DI	 .>; ;L?:
;D9; M7I ;NJ;DI?L;BO IKCC7H?I;: ?D L7H?EKI H;L?;M 7HJ?9B;I
:KH?D= B7IJ :;97:;VI >OF;	 H?;<BO 7 >?=> H;IJ?D= >;7HJ H7J;
?I 7IIE9?7J;: M?J> 7D ?D9H;7I;: 97H:?EL7I9KB7H CEHJ7B?JO
56	 #D B?D; M?J> J>?I 9ED9;FJ J>; FKH; >;7HJ H7J; BEM;H
?D= 7=;DJ ?L78H7:?D; >7I 8;;D 7IIE9?7J;: M?J> 7 I?=D?<?9
7DJ H;B7J?L; H?IA H;:K9J?ED E< COE97H:?7B ?D<7H9J?ED  F
 	 ?D F7J?;DJI M?J>  :;9H;7I;: B;<J L;DJH?9KB7H
<KD9J?ED7D:>?=>H;IJ?D=>;7HJH7J;8FC56	
3;J M>7J ?I D;M ?D J>?I ?IIK; E< J>; 
 D=;B7 %E>B;H
7D: 9EBB;7=K;I 56 7D7BOI;: J>; 9EHH;B7J?ED 8;JM;;D H;IJ
?D= >;7HJ H7J; 7D: COE97H:?7B F;H<KI?ED I?D=B;F>EJED
;C?II?ED 9ECFKJ;: JECE=H7F>O '*- <?D:?D=I ?D 
9EDI;9KJ?L; D7QL; F7J?;DJI  7<J;H ;N9BKI?ED E< F7J?;DJI
M?J> 7BH;7:O ADEMD  DED I?DKI H>OJ>C 7D: F7J?;DJI
KD:;H 8;J78BE9A;HI EH 97B9?KC 9>7DD;B 8BE9A;HI	 .>; DEL
;BJO ?I J>7J J>; 7KJ>EHI :;CEDIJH7J; J>7J H;IJ?D= >;7HJ H7J;
M7I DEJ 7IIE9?7J;: M?J>  ;NJ;DJ 7I 7II;II 8O '*-	
.>; C;J>E:EBE=O ?I IEB?: J>; H;IKBJI 7H; 9B;7H 7D: 7H;
9B;7HBO ?D 9EDJH7:?9J?ED M?J> J>; =;D;H7B <;;B?D=	  EH ?D
IJ7D9; J>; H;IKBJI 7H; 7FF7H;DJBO :?H;9JBO ?D 9EDJH7?D:?9
7J?ED M?J> 7 I?C?B7H F7F;H <HEC 1?BB?7CI 7D: 9EBB;7=K;I
56	 #D J>?I B7JJ;H IJK:O J>; 7KJ>EHI <EKD: ?D  F7J?;DJI
J>7J H;IJ?D= >;7HJ H7J; M7I IJHED=BO 7D: ?D:;F;D:;DJBO 7I
IE9?7J;: M?J> IJH;II?D:K9;: COE97H:?7B F;H<KI?ED :;<;9JI	
-E M>;H; ?I J>; JHKJ> #J ?I JEE ;7HBO JE =?L; 7 :;<?D?J?L;
7DIM;H 8KJ IEC; 7IF;9JI I>EKB: 8; 9EDI?:;H;:  ?HIJBO J>;
JME IJK:?;I 7H; DEJ CKJK7BBO ;N9BKI?L;	 #D:;;: 1?BB?7CI ;J
7B	 I>EM;: J>7J 7BJ>EK=> J>; 9EHH;B7J?ED M7I IJHED= ?D J>;
M>EB; FEFKB7J?ED 7D: ?D F7J?;DJI KD:;H 8;J78BE9A;H J>;H
7FO J>; 7IIE9?7J?ED M7I M;7A;H 7D: DE CEH; I?=D?<?97DJ F
 	 ?D DED 8;J78BE9A;H KI;HI	 .>?I ?I E< H;B;L7D9; 7D:
?D 799EH:7D9; JE J>; <?D:?D=I E< %E>B;H ;J 7B	 I?D9; DED; E<
J>;  F7J?;DJI M;H; KD:;H 8;J78BE9A;H JH;7JC;DJ	 .>;
9EHEBB7HO E< J>?I <?HIJ H;C7HA ?I >EM;L;H J>7J J>; H?IA :K;
JE 7D ?D9H;7I;: H;IJ?D= >;7HJ H7J; ?I >?=>;IJ ?D F7J?;DJI M>E
;I97F; 8;J78BE9A;H JH;7JC;DJ 7 FE?DJ J>7J M7I 7BH;7:O KD
:;HB?D;: 8O 7HH?EI 7D: 9EBB;7=K;I M>E IK==;IJ J>7J F7
J?;DJI M?J> >?=>;H >;7HJ H7J; M;H; 7IIE9?7J;: M?J> B;II;D
H?IA 9EDJHEB H7J;I ?D :7?BO 9B?D?97B FH79J?9; 56	 -;9ED:BO
J>; IJK:O JEK9>;I 7 H7M D;HL; 8O :;CEDIJH7J?D= J>7J J>;
7D7BOI?I E< IJ78B; F7J?;DJI :E;I DEJ 7BBEM ?:;DJ?<O?D= LKB
D;H78B; F7J?;DJI	 /D:;D?78BO ED; MEKB: ;NF;9J JE >7L; 7
=EE: 9EHH;B7J?ED 8;JM;;D  ;NJ;DJ 7D: 7 FKJ7J?L; H?IA
<79JEH M>;D J>; <79JEH ?I 7IIE9?7J;: M?J> FB7GK; =HEMJ>	
KJ FB7GK; LKBD;H78?B?JO ?I DEJ I?C?B7H JE  ;NJ;DJ I?D9;
ED ED; >7D: FB7GK; HKFJKH; C7O 8; ?CC;:?7J;BO <7J7B
M>;H;7I ED J>; EJ>;H >7D: 7D: ?D CEIJ 97I;I ?J ?I 7IOCF
JEC7J?9 7D: :E;I DEJ 97KI; 7DO >7;CE:OD7C?97BBO I?=D?
<?97DJ IJ;DEI?I	 #D B?=>J M?J> J>?I ?J ?I ?DJ;H;IJ?D= JE DEJ; J>7J
IEC; F7J?;DJI M?J> C?D?C7B 7J>;HEI9B;HEJ?9 9>7D=;I 9EKB:
IK<<;H IK::;D 97H:?79 :;7J>	 .>?I ?I J>; 97I; <EH ?DIJ7D9;
?D C7H7J>ED HKDD;HI 56	 .>;H;<EH;  ;NJ;DJ 7I 7J
J;IJI 8O >7;CE:OD7C?9 I?=D?<?97DJ IJ;DEI?I C?=>J 8; I?C
?B7H 8;JM;;D F7J?;DJI M?J> 7D: F7J?;DJI M?J>EKJ 7 F7HJ?9KB7H
H?IA <79JEH <EH FB7GK; ?DIJ78?B?JO	 .>;H;<EH; J>; GK;IJ?ED H;
C7?DIT"EMJE?:;DJ?<OJ>;LKBD;H78B;F7J?;DJU	
	 

.>; FH;I;DJ IJK:O 7FFHEFH?7J;BO :?L;HJI EKH 7JJ;DJ?ED <HEC
J>; H;IJ?D= >;7HJ H7J; 7I I?D=B; LKBD;H78?B?JO H?IA <79JEH	
"EM;L;H J>; JHKJ> ?I J>7J ?DJ;DI?L; F>OI?97B EH ;CEJ?ED7B
IJH;II;I 7H; L;HO FEJ;DJ H?IA <79JEHI <EH FB7GK; HKFJKH; 8KJ
9EDI?:;H?D= EDBO >;7HJ H7J; ?I 7 JEE I?CFB?IJ?9 ;NFB7D7J?ED JE
;NFB7?D 9ECFB;N F7J>EF>OI?EBE=?97B C;9>7D?ICI J>7J 9ED
IJ7DJBO ?DJ;HFB7O	 "?IJEHO ?I <KBB E< ;N7CFB;I I>EM?D= J>;
?CFEHJ7D9; E< IK9> ;NJH?DI?9 H?IA <79JEHI  EH JME C?BB;D
D?7 J>; 9EKH?;H *>;?:?FF?:;I 9EBB7FI;: 7D: :?;: 7J J>; ;D:
E< 7 :7OBED= HKD ?D J>; 9?JO E< '7H7J>ED 56	  EH ED;
9;DJKHO -JH7P>;IAE 79ADEMB;:=;: ;CEJ?ED 7I JH?==;H JE
COE97H:?7B ?D<7H9J?ED ?D J>; L;HO <?HIJ I9?;DJ?<?9 FK8B?97
J?ED ED COE97H:?7B ?D<7H9J?ED 56	 -?D9; J>;D DKC8;HI E<
97I; H;FEHJI E8I;HL7J?ED7B 7D: ;F?:;C?EBE=?97B IJK:?;I H;
L;7B;: J>; ;<<;9J E< FEI?J?L; >7FF?D;II EH D;=7J?L; :;
FH;II?ED <;7H F7?D ;CEJ?EDI ED FB7GK; LKBD;H78?B?JO
HKF
JKH; 79KJ; 9EHED7HO IOD:HEC;I 7D: IK::;D 97H:?79 :;7J>
5S6	 -JH?A?D= ;N7CFB;I C?=>J 8; <EKD: ?D 7BCEIJ
;L;HO:7O FH79J?9; 56 7D: >7FF;D :KH?D= :EC;IJ?9 9H?I?I
:H?L?D= IFEHJ M7J9>?D= .0 ;7HJ>GK7A;I EH ;L;D 9E?JKI
5<EHJKD7J;BO ;N9;;:?D=BO H7H; 7D: 7BCEIJ ;N9BKI?L;BO ;D
9EKDJ;H;: ?D ;NJH7C7H?J7B ;NF;H?;D9;6	 .>;I; :?<<;H;DJ ;N
7CFB;I FE?DJ JE J>; <79J J>7J C;DJ7B IJH;II ?I 7 F7HJ?9KB7HBO
FEJ;DJ ;NJH?DI?9 H?IA <79JEH <EH FB7GK; HKFJKH;	 ';DJ7B IJH;II
>7I 8;;D I>EMD JE 8;   7 A;O <79JEH I?D9; ?J >7I
8;;D B?DA;: JE I;L;H7B 9ECFED;DJI E< FB7GK; ?DIJ78?B?JO
?D9H;7I;: IOCF7J>;J?9 JED; 8BEE: FH;IIKH; >;7HJ H7J; 7D:
L7I9KB7H I>;7H IJH;II ?D9H;7I;: L?I9EI?JO <?8H?DE=;D 7D:
LED 1?BB;8H7D: <79JEH B;L;BI FB7J;B;J 79J?L?JO 7D: I;L;H7B
?D<B7CC7JEHOC;:?7JEHI	
#D B?=>J M?J> J>?I 9EDI?:;H7J?ED J>; IJK:O E< %E>B;H 7D:
9EBB;7=K;I ED9; 7=7?D JKHDI EKH 7JJ;DJ?ED JE J>; IEC;M>7J
D;=B;9J;: ?IIK; E< M>7J ?I 7 TH;IJ?D=U EH T87I;B?D;U >;7HJ
H7J; .>; 7KJ>EHI 9EDI?:;H;: J>7J J>; >;7HJ H7J; FH?EH JE J>;
IJH;II J;IJ M7I I?C?B7H JE J>; TH;IJ?D=U >;7HJ H7J;	 .>?I ?I
E< 9EKHI; 7 L;HO FH7=C7J?9 FEIJKB7J?ED 7D: J>; C7@EH?JO E<
KI M?BB H;FEHJ J>?I L7BK; ?D 7C8KB7JEHO F7J?;DJI	 "EM;L;H
J>; 9KCKB7J?L; ?CF79J E< TM>?J; 9E7JI F;H<EHC7D9; 7DN?
;JO 7D: <;7H E< J>; IK8I;GK;DJ <?D:?D=I ?D:K9;I 7 C;DJ7B
IJH;II J>7J H;79>;I 7 9B?C7N 8O J>; H;9EH:?D= E< J>?I 87I;B?D;
L7BK;	 D ?BBKIJH7J?ED ?I :;F?9J;: ?D <?=	 	 .>?I TM>?J;
9E7JU C;DJ7B IJH;II >7I 8;;D :;CEDIJH7J;: ?D 7J>B;J;I C;:

8"-0,&/'4)&&''&$4/'-&.4",342&33%5&4/&8&2$*3&4&34*.(/.
<2&34*.(=)&"242"4&
9&"2/,%-",&7*4)./2-",0)93*$",34"453
7"3$/.3*%&2&%'/2&8&2$*3&4&34*.(*32&34*.()&"242"4&;"3
-&"352&%#9"
3&$/.%30",0"4*/.4)&2*()42"%*",05,3&;7"3	
#&"430&2-*.54&#0- 	
 %&0*$43)*3<2&34*.(=	,&"%
2&$/2%*.(-"%& -*.54&3#&'/2&*.*4*"4*/./'&8&2$*3&4&34*.(/."
42&"%-*,,&2(/-&4&2&"242"4&7"3#0- 	

 3)/7
)*3<#"3&,*.&=3"3"$15*2&%/.4)&42&"%-*,,&2(/-&4&2	
-*.54&30".&,".%-*.54&0".&,#&'/2&4)&4&3434"24
&"242"4&7"3#0-".% #0-2&30&$4*6&,9
2
ht
tp
://
do
c.
re
ro
.c
h
?97B IJK:;DJI 7D: 9ECCED 7C8KB7JEHO F7J?;DJI	 I J>; H;
IFEDI; JE C;DJ7B IJH;II ?I ?D:?L?:K7B 7D: ?I 7IIE9?7J;: M?J>
FB7GK; LKBD;H78?B?JO J>; L7H?7J?ED E< J>; >;7HJ H7J; <HEC
J>; H;IJ?D= JE J>; 87I;B?D; C?=>J 8; FEII?8BO KI;: 7I <EH;
97IJ JE FH;:?9J FB7GK; HKFJKH;	 .>?I 7H;7 ?I IF;9KB7J?L; 7D:
I>EKB: 8; <KHJ>;H ?DL;IJ?=7J;:	 (;L;HJ>;B;II J>; 9B?D?9?7D
CKIJ 9EDJ?DK; JE F7O 7JJ;DJ?ED JE >;7HJ H7J; ?D 9B?D?97B FH79
J?9; I?D9; ?J ?I 9>;7F ;7I?BO F;H<EHC;: 7D: L;HO KI;<KB	 #I ?J
H;7BBO 7 M7HD?D= 78EKJ 7D ?D9H;7I;: H?IA E< 9EHED7HO ;L;DJ
-?=D7BI ?D:?97J; J>?I :?H;9J?ED	 -E M>O DEJ 9EDJ?DK; KI
?D= ?J I?D9; ;C;H=?D= CE:7B?J?;I B?A; 8?E9>;C?97B J;IJ 9E9A
J7?BI T0 ?D<B7CC7JEHO FHE<?B; J;IJIU <KD9J?ED7B ?C7
=?D= ',# EH ?D<H7H;: EH IJHK9JKH7B ?DJH7L7I9KB7H ?C7=?D=
). ) # 7H; L;HO ;NF;DI?L; >7H:BO 7L7?B78B; 7D: IJ?BB
9B;7HBO?CC7JKH;	
 ?D7BBO 7D: 7I IK==;IJ;: 8O %E>B;H 7D: 9EBB;7=K;I >;7HJ
H7J; 97DDEJ 8; KI;: JE M7=;H  ;NJ;DJ ;IF;9?7BBO ?D
BEMH?IA F7J?;DJI	 .E :;J;HC?D;  ;NJ;DJ EDBO 9EHED7HO
7D=?E=H7F>O -*. IJH;II ;9>E97H:?E=H7F>O EH ',#
I>EKB: 8; 9EDI?:;H;:	 #DL;HI;BO J>; IJK:O <HEC %E>B;H 7D:
9EBB;7=K;I 97D 8; KI;: ?D EH:;H JE H;B7N F7J?;DJI ?D IJH;II
:K; JE >?=> H;IJ?D= >;7HJ H7J;	 ::?J?ED7BBO 7D: 87I;: ED J>;
9KHH;DJ ;L?:;D9; ?J I;;CI J>7J H?IA <79JEHI <EH FB7GK; HKF
JKH; 7D: 79KJ; 97H:?79 ;L;DJI 7H; I>EHJJ;HC	 EDL;DJ?ED7B
IJK:?;I 7H; DEJ 7FFHEFH?7J; <EH ?IEB7J?D= JH?==;HI <EH 97H:?79
;L;DJI C7?DBO 8;97KI; 79KJ; 9EHED7HO IOD:HEC; ?I 7 IJEHC
J>7J M7HH7DJI J?C;BO H;L7I9KB7H?I7J?ED 7D: IK9> ?DIJ7DJ ;N
FEIKH;I 7H; B?A;BO JE 8; >?::;D 8O ;IJ78B?I>;: FB7GK;
=HEMJ> <79JEHI 7I M;BB 7I 9E=D?J?L; 87HH?;HI ?D 97I; E<
7D=;H <;7H EH I;NK7B 79J?L?J?;I	 #D B?=>J E< J>?I ;F>;C;H
7B D7JKH; H;I;7H9> ?D J>; <?;B: H;C7?DI 9>7BB;D=?D=	 1>E
ADEMI F;H>7FI EDBO J>; ?DJ;=H7J?ED E< 7:L7D9;: D;KHE
FIO9>EBE=?97B H;I;7H9> M?BB ;D78B; KI JE H;D:;H 79KJ; 97H:?
79;L;DJI?DJE7DEHF>7D:?I;7I;	

 2//+2&$&*6&%
,&$452&'&&3'2/-&26*&2,**,,9".%342"!&.&$"//4)&2
0/4&.4*",$/.',*$4/'*.4&2&342&,&6".44/4)*3"24*$,&7"32&0/24&%
		
 #!$$!#%+" 
!!"#% %
!
#!!) '#$%)!$"%#!&#
	
#!&#(%*#  $%" !!%& #

 EEA - ";II )'	 ,;IJ?D= >;7HJ H7J; 7D: 97H:?EL7I9KB7H ;L;DJI J?C;
<EH7D;M9HKI7:;KH";7HJ$	S	
 "EFA?DI *( 1?BB?7CI ,,	 #:;DJ?<?97J?ED 7D: H;B7J?L; M;?=>J E< 97H:?
EL7I9KB7HH?IA<79JEHI	7H:?EBB?D	S	
 8;H=  ;H=IJH7D: , $E>7DIIED - /BL;DIJ7C ! 0;:?D  1;:;B "
;J 7B	 ;II7J?ED E< ICEA?D= 7<J;H COE97H:?7B ?D<7H9J?ED	 <<;9JI ED CEH
J7B?JO7<J;HO;7HI	H?J?I>>;7HJ@EKHD7B		
 ,;7 . ";9A8;HJ -, %7FB7D , -C?J> (& &;C7?JH; ,( *I7JO '	
-CEA?D= IJ7JKI 7D: H?IA <EH H;9KHH;DJ 9EHED7HO ;L;DJI 7<J;H COE97H:?7B
?D<7H9J?ED	DD#DJ;HD';:	S	
 +KH;I>? # -KH? '  %?HC7D? $  ?L7D? 	 .>; H;B7J?L; ?CF79J E<
?D7:;GK7J; FH?C7HO 7D: I;9ED:7HO FH;L;DJ?ED ED 97H:?EL7I9KB7H CEH
J7B?JO ?D J>; /D?J;: -J7J;I	 -JHEA; 7 @EKHD7B E< 9;H;8H7B 9?H9KB7J?ED	
S	
  ?DD 0 (7A7DE ' (7HKB7 $ %EBE:=?;   0?HC7D? ,	 ED9;FJ
E< LKBD;H78B;
KDIJ78B; FB7GK;	 HJ;H?EI9B;H	 .>HEC8	 07I9	 ?EB	
S	
 EEA - &7:?9>  (7A7P7M7 ! I>J;>7H:? * (;?:>7HJ ' 0E=;B , ;J
7B	 EHH;B7J?ED E< ?DJH7L7I9KB7H KBJH7IEKD: <?D:?D=I M?J> >?IJEF7J>EBE
=?97B 7D7BOI?I E< J>HEC8KI 7IF?H7J;I ?D F7J?;DJI M?J> L;HO B7J; :HK=;BKJ
?D=IJ;DJJ>HEC8EI?I	?H9KB7J?ED	?S	
 EEA - .E=D? ' -9>7K8 ' 1;D7M;I;H * ";II )'	 "?=> >;7HJ H7J;
797H:?EL7I9KB7HH?IA<79JEHKH";7HJ$	S	
  EN %  EH: # -J;= *! .;D:;H7 '  ;HH7H? ,	 #L78H7:?D; <EH F7J?;DJI
M?J> IJ78B; 9EHED7HO 7HJ;HO :?I;7I; 7D: B;<JL;DJH?9KB7H IOIJEB?9 :OI
<KD9J?ED /.# /& 7 H7D:EC?I;: :EK8B;8B?D: FB79;8E9ED
JHEBB;:JH?7B	&7D9;J	S	
 %E>B;H  'KPP7H;BB? - &;?8KD:=KJ ! H7D: $' H?DA;HJ ' 4;BB
M;=;H '$	 ,;B7J?EDI>?F 8;JM;;D J>; H;IJ?D= >;7HJ H7J; 7D: J>; ;NJ;DJ
E< 9EHED7HO 7HJ;HO :?I;7I; 7I 7II;II;: 8O COE97H:?7B F;H<KI?ED	 -M?II
';:1ABO	M	
 1?BB?7CI  ';H>?=; '	 .>; FHE=DEIJ?9 7IIE9?7J?ED 8;JM;;D H;IJ?D=
>;7HJ H7J; 7D: 97H:?79 :;7J>COE97H:?7B F;H<KI?ED :;<;9JI 7I 7 FEJ;DJ?7B
C;9>7D?IC	J>;HEI9B;HEI?I	S	
 7HH?EI 0 I9E87H  ;HJEC;K 0 'KH=7 ( :; *78BE  I?D 	 "?=>
>;7HJ H7J; CEH; J>7D 7 H?IA <79JEH	 &;IIEDI <HEC 7 9B?D?97B FH79J?9; IKH
L;O	#DJ$7H:?EB	S	
 '?JJB;C7D ' '79BKH; ' .E<B;H !" ->;HMEE: $ !EB:8;H= ,$
'KBB;H $	 .H?==;H?D= E< 79KJ; COE97H:?7B ?D<7H9J?ED 8O >;7LO F>OI?97B
;N;HJ?ED	 *HEJ;9J?ED 7=7?DIJ JH?==;H?D= 8O H;=KB7H ;N;HJ?ED	 ;J;HC?D
7DJI E< 'OE97H:?7B #D<7H9J?ED )DI;J -JK:O #DL;IJ?=7JEHI	 ( D=B $ ';:	
S	
  HEIJ  $	 .>; :K8?EKI IH?=?DI E< J>; C7H7J>ED	 C;H?97D $EKHD7B E< D
9?;DJ"?IJEHO	S	
 )8H7PJIEL 0* -JH7P>;IAE (	 .>; IOCFJEC7JEBE=O 7D: :?7=DEI?I E<
9EHED7HO J>HEC8EI?I	 #D 0EHE8;L7 0 %ED9>7BELIA? '* ;:I	 1EHAI
E< J>; <?HIJ ED=H;II E< ,KII?7D .>;H7F?IJI ECH7:;I>?F .OFE=H7F>O E<
'EI9EM'7CEDJEL	F	S	
 'EBB;H $ "7BBGL?IJ $ ?:;H?9>I;D   .>;EH;BB . ,;KJ;HM7BB  >B8EC
	 E ;F?IE:;I E< 7D=;H JH?==;H COE97H:?7B ?D<7H9J?ED  97I;9HEIIEL
;H 7D7BOI?I ?D J>; -JE9A>EBC ";7HJ F?:;C?EBE=O *HE=H7C -"*	
*IO9>EIEC7J?9C;:?9?D;	S	
 '7IEEC? ' 47H; $ %7>DEE@ ' '?HP7P7:;>  ->;?A>L7J7D '	 -;N
:?<<;H;D9;I ?D FEJ;DJ?7B :7?BO JH?==;HI E< J>; EDI;J E< 79KJ; COE97H:?7B
?D<7H9J?ED 7 97I;9HEIIEL;H 7D7BOI?I 7CED= 7D #H7D?7D FEFKB7J?ED	 $
7H:?EL7I9';:	S	
 'KBB;H $ '?JJB;C7D ' '79BKH; ' ->;HMEE: $ .E<B;H !"	 .H?=
=;H?D= COE97H:?7B ?D<7H9J?ED 8O I;NK7B 79J?L?JO	 &EM 78IEBKJ; H?IA 7D:
FH;L;DJ?ED 8O H;=KB7H F>OI?97B ;N;HJ?ED	 ;J;HC?D7DJI E< COE97H:?7B ?D
<7H9J?EDEDI;JIJK:O?DL;IJ?=7JEHI	$'	S	
 7OB?D  ";HD7D:;P?7P - -?B;I 2 %787=7C8; % 7CFEI "	
.H?==;HI E< DED<7J7B COE97H:?7B ?D<7H9J?ED ?D EIJ7 ,?97 >;7LO F>OI
?97B ;N;HJ?ED I;NK7B 79J?L?JO 7D: ?D<;9J?ED	 DD F?:;C?EB	
S	
 4>;D= 4$ HE<J $ !?B;I 1" ';DI7> !	 -K::;D 97H:?79 :;7J> ?D
J>;/D?J;:-J7J;IJE	?H9KB7J?ED	S	
 LED %7D;B ,	 *IO9>EIE9?7B IJH;II 7D: 97H:?EL7I9KB7H H?IA 9KHH;DJ EF?D
?ED	-M?II';:1ABO		
 %7B8;H;H & 17>B * EEA -	 ?IBE97J;: 7HJ?<?9?7B >?F 7I JH?==;H <EH -.
;B;L7J?ED COE97H:?7B ?D<7H9J?ED	 7H:?EL7I9 ';:	 ?D FH;II	
3
ht
tp
://
do
c.
re
ro
.c
h



8"-0,&/'4)&&''&$4/'-&.4",342&33%5&4/&8&2$*3&4&34*.(/.<2&34*.(=)&"242"4&
9&"2/,%-",&7*4)./2-",0)93*$",34"4537"3
$/.3*%&2&%'/2&8&2$*3&4&34*.(*32&34*.()&"242"4&;"3-&"352&%#9"
3&$/.%30",0"4*/.4)&2*()42"%*",05,3&;7"3	#&"430&2-*.54&
#0- 	
 %&0*$43)*3<2&34*.(=	,&"%2&$/2%*.(-"%& -*.54&3#&'/2&*.*4*"4*/./'&8&2$*3&4&34*.(/."42&"%-*,,&2(/-&4&2&"24
2"4&7"3#0- 	

 3)/7)*3<#"3&,*.&=3"3"$15*2&%/.4)&42&"%-*,,&2(/-&4&2	-*.54&30".&,".%-*.54&0".&,
#&'/2&4)&4&3434"24&"242"4&7"3#0-".% #0-2&30&$4*6&,9
4
ht
tp
://
do
c.
re
ro
.c
h
